The experiments presented here investigate the competing photodissociation pathways for allyl chloride upon excitation of the nominally *͑CvC͒ transition at 193 nm. The measured photofragment velocity distributions evidence C-Cl bond fission and HCl elimination. The recoil kinetic energy distribution for the HCl products is bimodal, indicating two primary processes for HCl elimination. The experimental measurements show C-Cl bond fission dominates, giving an absolute branching ratio of HCl:C-Clϭ0.12Ϯ0.03 when the parent molecule is expanded through a nozzle at 200°C. The branching ratio depends on the nozzle temperature; at 475°C, the absolute branching ratio measured is HCl:C-Clϭ0.24Ϯ0.03. We analyze the experimental results along with supporting ab initio calculations and earlier photodissociation studies of vinyl chloride in order to examine the potential influence of nonadiabaticity along the C-Cl fission reaction coordinate and its dependence on molecular conformation.
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I. INTRODUCTION
We chose to investigate the photodissociation pathways of allyl chloride at 193 nm in order to investigate a special class of organic reactions, those allowed by conservation of total electronic symmetry but Woodward-Hoffmann forbidden. 1 In both vinyl chloride and the cis conformer of allyl chloride, the potential energy surface reached with the * absorption has a barrier resulting from an avoided crossing between the *͑CvC͒ and the n͑Cl͒*͑C-Cl͒ configurations. Since the pathway to C-Cl fission on the excited state potential energy surface involves a change in individual orbital symmetry along the adiabatic reaction coordinate, C-Cl fission is Woodward-Hoffmann forbidden. Previous work in our group 2 has indicated that the reaction rates in Woodward-Hoffmann forbidden reactions are reduced due to nonadiabatic recrossing of the barrier. We have also shown 3 that increasing the distance between the orbitals involved in the avoided crossing decreases the electronic coupling and thus increases the probability of nonadiabatically recrossing the barrier. Thus the comparison between the photodissociation dynamics of allyl and vinyl chloride can test our understanding of this class of reactions.
Previous experiments 4, 5 on the photodissociation of vinyl chloride at 193 nm have identified both C-Cl fission and HCl elimination as the primary reaction pathways. They proposed that the pathway to C-Cl fission is a predissociation from the photoprepared CvC * state to the repulsive n Cl C-Cl * state whereas the channel for HCl elimination is a ground state process following internal conversion. 5 The two processes compete with a branching ratio reported by Umemoto et al., 5 C-Cl: HClϭ1.1:1.0. Furthermore, Mo et al. 4 have observed two other minor primary reaction channels attributed to internal conversion, C-H bond fission and another pathway for C-Cl fission producing low energy Cl fragments.
The first band in the ultraviolet absorption spectrum of allyl chloride, a broad band peaking at 171 nm, is assigned to the CvC * transition. 6 Although no collisionless gas-phase photolysis experiments on allyl chloride in this absorption band have been published, 7 the photolysis of gaseous allyl chloride at 229 nm, which accesses the rising edge of the CvC * absorption band, has been studied by Sears and Volman. 8 They used chromatographic analysis to identify the products resulting from secondary reactions of the photodissociated products and concluded that the only primary dissociation process is C-Cl fission.
This work measures the photofragment velocities and angular distributions of allyl chloride at 193 nm with a crossed laser-molecular beam apparatus and determines the absolute branching ratios between HCl elimination and C-Cl fission at two nozzle temperatures. These results are compared to a similar system with no CH 2 spacer between the C-Cl and CvC chromophores, vinyl chloride. Analysis of our results allows us to investigate whether the excited state C-Cl reaction coordinate is traversed adiabatically or not in allyl chloride as compared to vinyl chloride by considering the AЈ adiabatic Born Oppenheimer potential energy surface formed from the avoided crossing of the CvC * and the n Cl C-Cl * states. Preliminary ab initio electronic structure calculations of the potential energy surfaces are also presented to help interpret the experimental results by providing the energetic splittings between the adiabatic excited electronic states at the avoided crossing in the C-Cl bond fission channel.
II. EXPERIMENT
A. Molecular beam experiments
The experiments here measure the velocity and angular distributions of the photofragments from the photodissociation of allyl chloride, CH 2 vCHCH 2 Cl, at 193 nm using a crossed laser-molecular beam apparatus. After excitation with a pulsed excimer laser, the fragments photodissociate from the crossing point of the laser and molecular beam with velocities determined by the vector sum of the molecular beam velocity and the recoil velocity imparted in the dissociation. The fragments that scatter into the differentially pumped detector travel 44.1 cm to an electron bombardment ionizer where they are ionized by 200 eV electrons. The ions are mass selected with a quadrupole mass filter and counted with a Daly detector and multichannel scalar with respect to their time of flight ͑TOF͒ from the interaction region after the dissociating laser pulse.
The molecular beam was formed by bubbling He carrier gas through the liquid allyl chloride, cooled to Ϫ25°C to maintain a vapor pressure of roughly 20 Torr, to give a total stagnation pressure of 300 Torr. The 0.076 mm diam nozzle was heated to 220°C in order to prevent cluster formation during the supersonic expansion. For the branching ratio data, we used nozzle temperatures of 200°C and 475°C. The velocity of the parent molecular beam was measured by rotating the molecular beam source to point into the detector and raising a chopper wheel into the beam.
A Lumonics PM-848 excimer laser with an ArF fill was used to produce the photolytic wavelength. The unpolarized laser power was typically 25 mJ/pulse and focused to a 5 mm 2 spot size in the interaction region. The source angle was maintained at 15°with respect to the detector axis. The strong signal observed at m/e ϩ ϭ35, Cl ϩ , after 300 000 shots corresponds to predominantly C-Cl fission but also has a significant contribution from the Cl ϩ daughter ion of HCl photofragments. The momentummatched fragment for the Cl atom, CH 2 CHCH 2 , was detected at the parent ion, m/e ϩ ϭ41, after 1 500 000 laser shots. The signal observed at m/e ϩ ϭ36 after 1 000 000 shots was attributed to HCl elimination. The momentum-matched partner for HCl, C 3 H 4 , was observed at the parent ion, m/e ϩ ϭ40, after 2 500 000 shots, but the signal also has a contribution from a daughter ion of the momentum-matched fragment of the Cl atom. Signal was also observed at m/e ϩ ϭ39, 38 and 37 and, although not shown, were adequately fit with contributions from the above dissociation channels. No signal was seen at m/e ϩ ϭ49, CH 2 Cl ϩ , after 500 000 shots.
B. Computational method
To help interpret the experimental results, we also present ab initio electronic structure calculations for vinyl chloride 9͑a͒ and cis-and gauche-allyl chloride 9͑b͒ using the GAUSSIAN 92 system of programs 10 with a 6-311G* basis set. Configuration interaction with single and double excitations ͑CISD͒ calculations provide electronic ground state energies in the harmonic region of the C-Cl stretching potentials. These energies are then fit to Morse potentials with the correct dissociation energies, 80 kcal/mol for vinyl chloride and 68 kcal/mol for allyl chloride.
11 Configuration interaction with single excitations ͑CIS͒ calculations provide excitation energies from the ground electronic state to the relevant excited electronic states. These CIS excitation energies are added to the ground-state Morse oscillator energies to construct the excited electronic state surfaces.
III. RESULTS AND ANALYSIS
A. Identification of primary product channels
The data for allyl chloride excited at 193 nm evidence three competing channels, C-Cl bond fission and two different pathways for HCl elimination. Figure 1 shows the TOF spectrum taken at m/e ϩ ϭ35, Cl ϩ , attributed to signal from primary C-Cl fission as well as HCl cracking in the ionizer to give Cl ϩ as a daughter ion. The contribution from C-Cl fission is determined by forward convolution fitting of the TOF for the momentum-matched fragment, CH 2 CHCH 2 ϩ , in Fig. 2 to derive the center-of-mass product translational energy distribution, P(E T ), for C-Cl fission. This P(E T ) is then used to fit the TOF spectrum at m/e ϩ ϭ35. The remaining signal in the Cl ϩ spectrum is fit by the two pathways for HCl elimination. The relative scaling of the two contributions was retained from the m/e ϩ ϭ36 data presented later. Figure 3 shows the P(E T ) for C-Cl fission, which peaks at 45 kcal/mol and extends out to near 60 kcal/mol, two-thirds of the maximum 80 kcal/mol 11 of available energy. The translational energy distribution for C-Cl fission indicates there is a significant exit channel barrier along the reaction coordinate since it peaks well away from zero. Thus, the pathway to C-Cl fission must occur along an excited state surface since the barrier to the reverse reaction on the ground state surface is typically negligible. Although some Cl atoms with low translational energies were observed for vinyl chloride and attributed to an internal conversion mechanism, 4 no evidence for this pathway in allyl chloride is found. Since studies 4 of the photodissociation channels of vinyl chloride at 193 nm have detected a slow kinetic energy C-Cl fission channel attributed to internal conversion, we took care to analyze whether our data might indicate this channel. We must assign the slow signal at Cl ϩ in Fig. 1 between 160 and 400 s to HCl elimination rather than a slow C-Cl channel for two reasons. First, the data is fit very well by assigning all of the slow signal to a daughter ion of HCl; it has the same velocity distribution as the slow signal at m/e ϩ ϭ36 for HCl ϩ shown in Fig. 4 . Second, the slow HCl products in the m/e ϩ ϭ36 data increase markedly with temperature, and the slow Cl ϩ data shows the same increase. This can easily be seen by the similar cracking pattern of HCl calculated from the high vs the low temperature data ͑the cracking pattern of HCl, calculated from the ratio of the slow HCl ϩ to slow Cl ϩ signal in the next section, does not change with nozzle temperature͒. As a further check, since the secondary dissociation of very slow allyl radicals from C-Cl fission is possible ͑so one would not see evidence of a slow C-Cl fission channel at m/e ϩ ϭ41͒, we present in Fig.  6 the m/e ϩ ϭ40 signal which can be adequately fit with contributions from the assigned dissociation channels.
Two other possible primary photodissociation channels, C-H bond fission and H 2 elimination, are not investigated in these experiments since the momentum-matched fragments would be too heavy to recoil out to the detection angles sampled. Data at H 2 ϩ and H ϩ was not taken due to the high background at these masses and the low ionization cross sections of H atom and H 2 , which prohibit their efficient detection in our apparatus.
B. Product branching ratios
With careful analysis, the data allows the determination of the absolute branching ratio of the HCl elimination pro- cesses and the C-Cl bond fission pathway. To average out systematic errors, we integrated the TOF spectra at Cl ϩ ͑Fig. 7͒ and HCl ϩ ͑Fig. 8͒, taken with a nozzle temperature of 200°C, for a total of 210 000 and 1 050 000 shots respectively, changing the mass from m/e ϩ ϭ35 and m/e ϩ ϭ36 every 30 000 and 150 000 shots respectively for a total of 7 scans each. The TOF spectra at Cl ϩ ͑Fig. 9͒ and HCl ϩ ͑Fig. 10͒ at 475°C nozzle temperature, were also recorded for 50 000 and 100 000 shots respectively for a total of four scans each in order to determine if there was a temperature dependence. Using the measured kinetic energy distributions for C-Cl fission and HCl elimination in Figs. 3 and 5, we fit the Cl ϩ and HCl ϩ TOF data by adjusting the relative probabilities until a good fit is obtained. As previously noted, we retain the relative scaling between the two HCl elimination pathways used to fit the TOF spectra in Fig. 8 and Fig. 10 when we fit the corresponding Cl ϩ spectra in Fig. 7 and Fig.  9 . The absolute branching ratio between both pathways for HCl elimination and C-Cl fission can be calculated from the relative probabilities, which already incorporate corrections for kinematic factors, used to fit the Cl ϩ spectrum at 200°C by simply accounting for the daughter-ion fragmentation pattern of HCl. ͑The angular distributions of the HCl elimination pathways are assumed to be isotropic.͒ Assuming that the cracking pattern of the HCl fragment is identical for the two pathways and does not change with nozzle temperature, we integrate the slow signal for HCl elimination at the higher temperature from 248 -400 s for both the HCl ϩ and Cl The contribution from Cl fragments to the Cl ϩ signal was determined by fitting the signal with the P(E T ) for primary C-Cl fission in Fig. 3 . Similarly, the contribution from HCl fragments was determined by fitting the signal with the P(E T )'s for primary HCl elimination in Fig. 4 in which the relative scaling of the two pathways was retained from the HCl ϩ TOF in Fig. 8 . This data was used to determine the absolute branching ratios at 200°C. 
The final result is a primary product branching ratio of ͑HCl:C-Cl͒ 200°C ϭ0.12:1.0Ϯ0.03. Similarly, we determined the branching ratio for the data with a nozzle temperature of 475°C, obtaining a primary product branching ratio of ͑HCl:C-Cl͒ 475°C ϭ0.23:1.0Ϯ0.03. This result shows the branching ratio between HCl elimination and C-Cl fission increases when the nozzle temperature is raised.
C. Analysis of the temperature dependence of the branching ratios with respect to conformer populations
As shown in the section above, the HCl elimination/ C-Cl fission branching ratio depends strongly on the nozzle temperature. Since negligible conformer relaxation in the expansion occurs for allyl chloride, 13 the fraction of the higher energy cis conformer is increased upon raising the nozzle temperature. Thus, we now analyze the data to investigate whether the change in the branching ratio results from the change in the conformer populations. Although gas phase studies on the conformational properties of allyl chloride have been investigated, 14 ,15 a reliable energy difference has not been reported. Schei The contribution from Cl fragments to the Cl ϩ signal was determined by fitting the signal with the P(E T ) for primary C-Cl fission in Fig. 3 . Similarly, the contribution from HCl fragments was determined by fitting the signal with the P(E T )'s for primary HCl elimination in Fig. 4 in which the relative scaling of the two pathways was retained from the HCl ϩ TOF in Fig. 10 . These data were used to determine the absolute branching ratios at 475°C. The percent contributions from each channel shown are the relative probabilities that already include kinematic factors but do not yet account for ionization cross sections and cracking probabilities. to determine the amount of the gauche conformer at both 20°C and 90°C which was 82%Ϯ9% and 78%Ϯ15%, respectively. From this data, they estimate an energy difference of 0.62 kcal/mol. The large error bars on the populations results in great uncertainty in the calculated energy difference. Using this gauche/cis energy difference of 0.62 kcal/ mol, we can determine the relative change in conformer population upon heating the nozzle from 200 to 475°C:
If only the cis conformer contributed to HCl elimination and only the gauche conformer contributed to C-Cl fission, then the relative change in the conformer population would predict an increase in the HCl/C-Cl branching ratio of 1.3. The experimentally observed change in the branching ratio, however, is significantly higher than the predicted change.
͑HCl elimination/C-Cl fission͒ 475°C ͑HCl elimination/C-Cl fission͒ 200°C ϭ 0.23 0.12 ϭ1.9. ͑3͒
Although the conformational energy difference may not be exact, an energy difference of 1.67 kcal/mol would be required to obtain a relative branching ratio change of 1.9. Thus, the increase in the HCl elimination/C-Cl fission branching ratio is not completely due to the change in conformer population. We can also examine the competition between the two pathways for HCl elimination with C-Cl fission separately. The experimentally observed change in the HCl elimination channel leading to low recoil energies with C-Cl bond fission is determined from the relative probabilities used to fit the Cl ϩ spectra in Figs. 7 and 9. 
͑4͒
Similarly, the relative change in the HCl elimination producing fragments with high kinetic energy and C-Cl bond fission is determined. A marked increase in the slow HCl elimination channel occurs with a raise in the nozzle temperature and is too large to attribute to the change in the conformer populations. The increase in the fast HCl elimination channel, on the other hand, is less and may result from a conformation dependence. These results are further considered in Sec. IV. Figure 11 shows the integrated Cl fragment signal from C-Cl bond fission vs. ⌰ LAB , the angle between the electric vector and the detector axis. The best fit is obtained by varying the anisotropy parameter ␤ in this expression for the angular distribution of the fragments 17 I͑ c.m. ͒ϭ1/4͓1ϩ␤ P 2 ͑ cos c.m. ͔͒ ͑6͒
D. Angular distribution of the C-Cl fission product
in which c.m. is the angle between the electric vector and the recoiling fragment in the center-of-mass reference frame. Since the photofragment angular distribution is measured in the laboratory frame, fitting the data involves converting between the center-of-mass and laboratory frames using the measured molecular beam velocity and the P(E T ) determined from the unpolarized data. The data in Fig. 11 shows the photofragment anisotropy for C-Cl bond fission to be slightly perpendicular with ␤ϭϪ0.1. 18 If we assume distortion of the molecule upon photoexcitation does not alter the C-Cl bond direction before dissociation and the transition dipole moment is parallel to the CvC bond, the predicted ␤ cis ϭ2 P 2 ͑cos 63.1°͒ϭϪ0. 4. 9͑b͒ The gauche conformer, however, is more complicated. The value predicted is ␤ gauche ϭ2 P 2 ͑cos 127.4°͒ϭ0. 11. 9͑b͒ . If the angle distorts by just 4°, the predicted ␤ changes to Ϫ0.1. At a nozzle temperature of 220°C, the molecular beam mixture is 79% gauche and 21% cis using the energy difference reported by Schei and Shen.
14 If only one conformer contributes to C-Cl fission, the expected ␤ would correspond to the value predicted for that conformer. If, however, both conformers contribute equally to C-Cl fission, then the expected ␤ would be a weighted average, ␤ϭ0.79͑0.1͒ϩ0.21͑Ϫ0.4͒ϭ0.0. Since the predicted angular distribution for both conformers are similar and very sensitive to geometry change in the excited state, the angular distribution measurement is not sensitive enough to determine which conformer or weighted distribution of conformers undergoes C-Cl fission.
IV. DISCUSSION
The primary purpose of these experiments was to determine if the CH 2 spacer in allyl chloride as compared to vinyl chloride affects the probability of nonadiabatic recrossing of the barrier to C-Cl fission. The CH 2 spacer both further separates the CvC and the C-Cl chromophores and results in two molecular conformers, one of which does not retain a plane of symmetry. To illustrate why we expect the C-Cl bond fission pathway to be strongly influenced by nonadiabatic dynamics in these two systems, we first consider the excited state reaction coordinate for C-Cl fission in vinyl chloride. Umemoto et al. 5 characterized the pathway to C-Cl fission in vinyl chloride as a transition to the dissociative n* state which crosses the photoprepared * state in the C-Cl coordinate. In C s symmetry, the out-of-plane and CvC * orbitals are aЉ and the in-plane n Cl and C-Cl * orbitals are aЈ; therefore, both the CvC * and the n Cl C-Cl * configurations are AЈ so that they mix and split forming a barrier along the lower adiabatic excited state potential energy surface. If the molecule traverses the barrier and accesses the region of the surface which is n Cl C-Cl * in character, C-Cl fission results. If, however, the splitting between the adiabatic electronic surfaces is small reflecting weak configurational mixing, a nonadiabatic transition to the upper adiabat can occur where the molecule retains its * configuration and turns back toward the Franck-Condon region instead of evolving to products along the lower surface. Thus, the magnitude of the splitting between the adiabats at the barrier reflects the probability that the barrier is traversed adiabatically.
The splitting is notably smaller for WoodwardHoffmann forbidden reactions than for reactions where the individual orbital symmetries are conserved. 2 Since the individual orbital symmetry changes from aЉ to aЈ along the excited C-Cl reaction coordinate in vinyl chloride and cisallyl chloride, C-Cl fission is Woodward-Hoffmann forbidden. Thus, we expect the splitting to be small and nonadiabatic barrier recrossing to reduce the rate constant for C-Cl fission. To argue qualitatively why we expect WoodwardHoffmann forbidden reactions to have anomalously smaller splittings than reactions which conserve individual orbital symmetry, we calculate the configuration interaction matrix elements which mix and split the * and the n* configurations at the barrier to C-Cl fission. In a simple two-state system, the dominant electronic configuration contributing to the wave function on the reactant side of the barrier,
0 } and for the wave function on the product side of the barrier,
If no orthogonality is assumed between the reactant and product molecular orbitals or between ⌿ R and ⌿ P , then the splitting between the two adiabatic surfaces at the barrier is
where ␣ is the energy at which the diabats cross, S is the overlap integral ͗⌿ R ͉⌿ P ͘/C, and ␤ is the interaction, resonance, or exchange energy ͗⌿ R ͉H͉⌿ P ͘/C; C corrects for unnormalized wave functions. For Woodward-Hoffmann forbidden reactions, the product and reactant molecular orbitals are orthogonal by symmetry. As a result, the overlap integrals and all one-electron integrals that contribute to the resonance and exchange energy represented by ␤ are zero so that only two-electron integrals mix and split the adiabats at the avoided crossing, resulting in a small splitting between the adiabats for this class of reactions. Previous experiments in our lab have also demonstrated that increasing the distance between the orbitals involved in the avoided crossing increases the probability of nonadiabatically recrossing the barrier. 2, 3 For example, the branching to C-Br bond fission upon 1 ͓n͑O͒*͑CvO͔͒ excitation decreased by an order of magnitude in bromopropionyl chloride compared to bromoacetyl chloride. 3 The extra CH 2 spacer between the n O CvO * and the n Br C-Br * orbitals in bromopropionyl chloride reduces the electronic interaction matrix elements between the two configurations resulting in a smaller splitting between the adiabats at the barrier. Thus, C-Br fission is further suppressed by nonadiabatic barrier recrossing. Similarly, the branching to C-Cl fission might also decrease in allyl chloride compared to vinyl chloride.
Unlike vinyl chloride, allyl chloride exists as two conformers ͑Fig. 12͒. In the predominant gauche conformer, the Cl atom is out of the molecular plane breaking the plane of symmetry; therefore, C-Cl fission is no longer WoodwardHoffmann forbidden, and we expect the splitting between the adiabats at the barrier to C-Cl fission to increase. As a result, the probability that the barrier to C-Cl fission is traversed adiabatically should be greater for gauche-allyl chloride than for vinyl chloride. The higher energy cis conformer, however, is planar so C-Cl fission is Woodward-Hoffmann forbidden. Thus, we expect C-Cl fission to be suppressed in the cis conformer, and the change in the HCl elimination/C-Cl fission branching ratio should follow the change in the fraction of the cis conformer. The data does show that the branching ratio increases with the raise in nozzle temperature, but the increase is stronger than that presented by the conformation dependence alone.
We present GAUSSIAN 92 calculations in order to investigate the energetic splittings between the 1 AЈ excited potential energy surfaces at the avoided crossing for vinyl chloride and cis-and gauche-allyl chloride. Figure 13 shows cuts along the C-Cl stretch of the calculated ab initio electronic surfaces for vinyl and cis-allyl chloride. Although the four lowest singlet excited electronic surfaces are shown in Fig.  13 , two are AЉ so they do not interact with the AЈ surfaces in planar symmetry. The AЈ potential energy surface clearly evidences an avoided electronic curve crossing between the FIG. 14. Cuts through the calculated ab initio surfaces for gauche-allyl chloride at equilibrium CvC bond length, R͑CvC͒ϭ1.318 Å. In the gauche conformer, only the three lowest singlet excited electronic states are shown ͑the next singlet excited state is above 70 000 cm Ϫ1 ͒. Since the symmetry is broken, the * character, in principle, can mix into all three electronic states so that a two-state approximation may no longer be completely valid. By tracking the oscillator strengths ͑predominantly from * character͒ and the dominant electronic configurations of the excited state potential energy surfaces along the R C-Cl coordinate, we can determine that primarily the first and third excited states ͑-• -͒ exhibit an avoided crossing around 1.84 Å. ͑The second excited state surface ͑---͒ does not participate significantly until 1.86 Å.͒ For the particular cut along the avoided crossing seam presented here, the splitting at the avoided crossing between the first and third adiabats is 2626 cm Ϫ1 . A larger splitting at the barrier between the two adiabats involved in the avoided electronic configuration crossing is seen here as compared to the cis conformer because C-Cl bond fission is now Woodward-Hoffmann allowed. The boxed-in portion is enlarged in the inset to the right to show the Franck-Condon region ͑indicated by the arrow͒. The inset has the same x/y aspect ratio as the inset for cis-allyl chloride in Fig. 13 in order to illustrate the different forces experienced in the Franck-Condon region for the two conformers. The repulsive forces in the C-Cl bond upon photoexcitation allow C-Cl fission to dominate in the gauche conformer.
CvC * and n Cl C-Cl * states, forming the adiabatic reaction coordinate for C-Cl fission. Thus, the lower AЈ potential energy surface has a barrier along the forward and reverse reaction coordinate. As determined by the dominant electronic configuration in the GAUSSIAN 92 output, the electronic character changes from predominantly CvC * to n Cl C-Cl * across the barrier in both systems. In vinyl chloride, the splitting between the adiabats at the barrier to C-Cl fission is very small which supports the model that nonadiabatic barrier recrossing can reduce the rate constant for C-Cl fission and allow HCl elimination to compete. The branching ratio measured by Mo et al. 4 for vinyl chloride, HCl:C-Cl ϭ1.0:1.1, shows the two pathways are competing. The splitting at the barrier calculated for vinyl chloride is surprisingly smaller than for cis-allyl chloride even though a CH 2 spacer is inserted between the CvC and C-Cl chromophores in the latter. This may result from an increase in the overlap densities between the chromophores since in the cis conformer, the Cl atom eclipses the double bond. As expected for the gauche conformer in which C-Cl fission is no longer Woodward-Hoffmann forbidden, the splitting is much larger ͑see Fig. 14͒ , and C-Cl fission can proceed adiabatically and dominate HCl elimination. Figure 14 also shows that in the Franck-Condon region for the gauche conformer, the forces are repulsive in the C-Cl bond along the C-Cl bond fission reaction coordinate. In the cis conformer, the contour is relatively flat in the Franck-Condon region along the C-Cl bond fission pathway. The repulsive forces in the FranckCondon region for the gauche conformer should allow C-Cl fission to occur more readily. The experiments confirm that the branching to C-Cl fission has increased; the measured branching ratio for allyl chloride is ͑HCl:C-Cl͒ 200°C ϭ0.12:1.0. Further calculations are planned which will consider torsion about the double bond and CvC stretching since these motions are important upon excitation. 20 Our laboratory has also measured the emission spectra at 199 nm for vinyl chloride and allyl chloride in order to elucidate the electronic character of the excited states in the Franck-Condon region. 20 The emission spectrum for vinyl chloride evidences the dominant * character of the initial excitation by the strong emission to the CvC stretching and twisting modes. The ab initio calculations presented in that work and augmented in this paper agree with the emission spectrum; they show the electronic character of the bright 1 AЈ potential energy surface in vinyl chloride is * in the Franck-Condon region ͑Fig. 15͒. Upon electronic excitation of allyl chloride, however, enhanced emission into the C-Cl stretch eigenstates appear ͑although the CvC stretch still dominates͒, revealing an admixture of CvC * and C-Cl * character in the Franck-Condon region. The emission spectrum for allyl chloride reflects the initial motion in the predominant gauche conformer of allyl chloride upon photoexcitation. The calculations also show an increased contribution of C-Cl * character to the optically bright state ͑Fig. n* electronic configurations and results in repulsive forces along the C-Cl reaction coordinate in the Franck-Condon region, reflected also in the slope of the potential in Fig. 14 , which allows C-Cl fission to dominate HCl elimination.
We now discuss likely explanations for the two observed pathways for HCl elimination in allyl chloride. In vinyl chloride, HCl elimination is believed to occur following internal conversion to the ground electronic state in which two different mechanisms were elucidated: a three-center, ␣␣ elimination of HCl to produce vinylidene and a four-center, ␣␤ elimination of HCl to produce acetylene with a product ratio of ␣␣:␣␤ϭ3:1. 21 The H atom transfer in vinylidene has a low barrier and occurs fast on the timescale of the reaction. The exit barrier for the four-center elimination is 52.6 kcal/ mol and the exit barrier for the three-center elimination and subsequent H atom migration to produce acetylene is 44.1 kcal/mol. 9 Since the three-center elimination dominates over the four-center elimination and both channels have similar exit barriers, the HCl elimination pathway in vinyl chloride was fit using only one broad translational energy distribution.
In allyl chloride, however, two different translational energy distributions must be used to fit the data. The HCl elimination could occur from dynamics either on the ground state potential energy surface after internal conversion or on an excited state potential energy surface. Another possibility is hydrogen atom migration to produce H 3 CC CH 2 Cl or H 2 C CHCH 2 Cl which subsequently undergoes HCl elimination. The present experiment does not provide enough information to definitively identify the mechanism involved in both HCl elimination pathways. However, the very high energies of 76 kcal/mol detected in product recoil for the HCl elimination channel in the upper frame of Fig. 5 suggest this channel is most likely due to the mechanism presented in reaction ͑8͒. The low energy signal probably results from reaction ͑9͒ or ͑10͒. More information is needed about the exit barriers for these reactions in order to form any definite conclusions.
The temperature dependence of the HCl elimination channels provide a further clue as to their mechanism. As shown in Sec. III C, the branching to the HCl elimination producing fragments with low kinetic energy increases more than the channel producing the fast HCl fragments with a raise in nozzle temperature. When we attempted to attribute all of the HCl elimination to the cis conformer and all of the C-Cl fission to the gauche conformer, the observed increase in the HCl/C-Cl branching ratio upon heating the nozzle from 200°C to 475°C was higher than the relative change in the cis/gauche conformer population. Instead, let us now assume that the fast HCl channel occurs predominantly from the cis conformer whereas the slow HCl channel and C-Cl fission occur predominantly from the gauche conformer. Then, the change in the relative branching between HCl͑fast͒/͓HCl͑slow͒ϩC-Cl͔ should follow the change in the conformer population upon heating the nozzle. This result is similar to the relative change in the conformer population in heating the nozzle from 200 to 475°C, which was previously shown to be 1.3. We present a plausible explanation for the large increase in the slow HCl elimination channel with a raise in nozzle temperature. Going from a 200°C to 475°C nozzle expansion results in increased initial excitation of low energy vibrational motion. Umemoto et al. 5 claim that out-of-plane motion in vinyl chloride increases the coupling between the * and the * state leading to efficient internal conversion to the * state which they propose opens up the doorway to the ground state. In allyl chloride, the increased bending motion at the higher temperature increases the coupling with the predominantly * state which may also serve as the intermediate state for internal conversion to the ground state.
In the final stages of preparation of this work, we learned that Lee et al. 7 have also recently investigated the photodissociation of allyl chloride at 193 nm. They report the major channel is C-Cl fission, but they only report one channel for HCl elimination with an average translational energy of 9 kcal/mol accounting for 5% of the total product yield.
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